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ABSTRACT
In this paper the role of very massive pop III stars in the chemical enrichment of the
early universe is discussed. We first compare our predictions with the abundance ratios
measured in the high redshift Lyman- α forest to check whether they are compatible
with the values predicted by assuming that the early universe was enriched by massive
pop III stars. We conclude that to explain the observed C/Si ratio in the intergalactic
medium, a contribution from pop II stars to carbon enrichment is necessary, already
at redshift z=5. We then evaluate the number of Pair-Instability Supernovae (SNγγ)
required to enrich the universe to the critical metallicity Zcr, i.e. the metallicity value
which causes the transition from a very massive star regime (m > 100M⊙) to a lower
mass regime, similar to the one characteristic of the present time (m < 100M⊙). It
is found that between 110 and 115 SNγγ are sufficient to chemically enrich a cubic
megaparsec of the intergalactic medium at high redshift for a variety of initial mass
functions. The number of ionizing photons provided by these SNγγ and also by the
pop III stars ending as black holes was computed and we conclude that there are
not enough photons to reionize the universe, being down by at least a factor of ∼ 3.
Finally, we calculate the abundance ratios generated by pop III stars and compare
it with the ones observed in low metallicity Damped Lyman-α systems (DLAs). We
suggest that pop III stars alone cannot be responsible for the abundance ratios in
these objects and that intermediate mass pop II stars must have played an important
role especially in enriching DLAs in nitrogen.
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1 INTRODUCTION
The large-angle polarization anisotropy of the cosmic mi-
crowave background (CMB), recently observed by the
WMAP experiment, can be used to constrain the total pro-
duction of ionizing photons from the first stars (e.g. Cen
2003 a,b; Ciardi et al. 2003), thus indicating a substantial
early activity of massive star formation at redshifts z ≥ 15.
It has also been suggested (e.g. Songaila, 2001, Schaye et al.
2003) that massive pop III stars (namely the very first stars
with no metals) could have been responsible for the produc-
tion of C and Si abundances measured in the intergalactic
medium (IGM) at high redshift.
The possible existence of very massive pop III stars, is
suggested by recent studies of the collapse of the first cos-
mic structures which have demonstrated that a quite large
mass range for the proto-galactic clumps seems plausible,
102 − 104M⊙ (Schneider et al. 2002 and references therein).
⋆ E-mail: fcalura@ts.astro.it
Since the physical conditions in the early universe seem to
prevent the further collapse of these heavy clumps, hence
the conclusion is that the first stellar objects had masses
much larger than those of present-day stars (M ≥ 100M⊙,
Bromm & Larson 2004 and references therein).
As reported by Ferrara & Salvaterra (2004), these very
massive stars should continue to form until a critical metal-
licity is reached by the gas. At this critical value, the star
formation mode would experience a transition from the for-
mation of high mass objects to the formation of low mass
stars, which we observe today. The metallicity influences the
star formation mode in the following way: for a metal-free
gas, the only efficient coolant is molecular hydrogen. Clouds
with a mean metallicity Z = 10−6Z⊙ follow the same evolu-
tion in density and temperature (the main parameters influ-
encing the Jeans mass) of the gas with primordial chemical
composition. For metallicities larger than 10−4Z⊙, the frag-
mentation proceeds further until the density is ∼ 1013cm−3
and the corresponding Jeans mass is of the order of 10−2M⊙.
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Schneider et al. (2002) concluded that the critical metallicity
Zcr lies in the range (10
−6 − 10−4)Z⊙.
The evolution and nucleosynthesis of zero-metal mas-
sive and very massive stars has been computed since the
early eighties (e.g. Carr et al. 1982; Ober et al. 1983; El-Eid
et al. 1983) and has continued until recently (e.g. Woosley
& Weaver, 1995; Heger & Woosley 2002; Umeda & Nomoto,
2002; Heger et al. 2003; Chieffi & Limongi 2004).
In this paper, we test whether very massive pop III stars
can explain the high redshift abundances observed in the
IGM. According to the previous discussion, we assume that
the very first objects polluting the universe had masses m >
100M⊙. In particular, we compare the results obtained by
adopting the most recent yield calculations for pop III stars,
such as the yields by Heger & Woosley (2002, HW02) and
Umeda & Nomoto (2002, UN02), with the observations of
the high redshift IGM. We compute the number of ionizing
SNγγ necessary to pollute the IGM as well as the number of
ionizing photons per baryon that pop III stars can produce.
Then, we study how pop III nucleosynthesis could have
affected the Damped Lyman-α systems (DLAs). To do that,
we take into account a scenario of pop III stars containing
also masses in the range 12 ≤ m/M⊙ ≤ 100. This assump-
tion is motivated by the fact that DLAs do not have metal-
licities below Z = 10−2.5Z⊙, hence it is plausible that they
have been mainly enriched by stars with massesm ≤ 100M⊙
which formed at metallicities larger than Zcr.
The paper is organized as follows: in section 2 we de-
scribe the chemical evolution modelling and the adopted
stellar yields, in section 3 we describe our results and com-
pare them with observations. Finally, in section 4 some con-
clusions are drawn.
2 BASIC INGREDIENTS FOR CHEMICAL
EVOLUTION
2.1 The initial stellar mass function
For the stellar initial mass function (IMF), we adopt a single
power law according to the formula:
φ(m) = φ0m
−(1+x) (1)
The IMF is normalized as:∫ Mup
Mlow
mφ(m) dm = 1 (2)
where Mup and Mlow represent the upper and lower
mass limit, respectively. We adopt two mass ranges for pop
III stars: 102−103M⊙ and 12-270M⊙. This latter one is con-
sidered in order to calculate the abundance ratios in DLAs.
We explore three values for the index x, i.e. x = 1.35,
x = 0.95 and, to test the hypothesis of an extremely flat
IMF, x = 0.5.
2.2 Stellar nucleosynthesis
The two main sets of stellar yields used here are from HW02
and UN02.
In particular, HW02 provided yields for zero metal-
licity stars in the range 140-260 M⊙, whereas UN02 for
zero-metallicity stars in the mass ranges 13-30M⊙ and 150-
270M⊙. For masses between 40 and 140M⊙ and larger than
270M⊙, the objects collapse entirely into black holes with-
out any ejection of matter. Therefore, according to the pre-
scriptions by HW02 and UN02, we assume that the only
objects contributing to the chemical pollution of the early
universe had masses in the ranges 12 ≤ m/M⊙ ≤ 40
and 140 < m/M⊙ ≤ 270. When adopting HW02 yields
and a mass range 12-260M⊙ we use the yields for stars of
zero-metallicity in the mass range 12-40M⊙ by Woosley &
Weaver (1995). For the solar abundances, we adopt those of
Anders & Grevesse (1989).
2.3 Chemical evolution modelling
The question to ask is: how many hypothetical pop III su-
pernovae are necessary to bring the IGM to the level of the
critical metallicity? The values for the critical metallicity
necessary to enter a regime of normal star formation are:
Zcr = (10
−6 − 10−4)Z⊙ (Bromm & Larson 2004; Ferrara &
Salvaterra 2004).
In order to compute the number of SNγγ required to en-
rich the universe at the critical metallicity, which we assume
to be Zcr = 10
−4Z⊙, we use a simple analytical approach.
We assume that the metals are ejected from the first
stars directly into the IGM, homogeneously polluting it.
According to the approximation of instantaneous recycling
(IRA), the metallicity Z in a closed-box system (in this case
the high-redshift universe) is given by:
Z = yZ · ln(Mtot/Mgas) (3)
where Mtot = M∗ +Mgas, with M∗ being the mass which
has been locked up into stars, Mgas being the mass of gas
and yZ the yield of metals per stellar generation, as defined
by Tinsley (1980), and expressed as:
yZ =
1
1−R
∫ Mup
mTO
mpZm φ(m)dm (4)
which depends on the stellar IMF, φ(m), and on the
stellar yield pZm, i.e. the fraction of the stellar mass ejected
in the form of all the newly created heavy elements by a
star of initial mass m. Generally, the mass mTO = 1M⊙ is
the globular cluster “turnoff” mass for a normal IMF, but
in our case is either 100M⊙ or 12M⊙.
The quantity R is the returned fraction, defined as:
R =
∫ Mup
mTO
(m−mrem)φ(m)dm (5)
withmrem being the mass of the remnant of a star of ini-
tial massm. For stars more massive than 100M⊙, we assume
that mrem = 0 for objects with masses 140 ≤ m/M⊙ ≤ 270
(complete explosion), and mrem = m elsewhere.
From equation (3), we can easily obtain the gas mass
fraction µ =Mgas/Mtot as a function of yZ and Z:
µ = exp(−Z/yZ) (6)
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3 RESULTS
3.1 The number of SNγγ
In table 1 we show the returned fraction R and the yields
per stellar generation obtained for the different IMFs. In
column 1 we show the IMF index x, in column 2 the re-
turned fraction and in columns 3 and 4 the yields per stellar
generation calculated by adopting HW02 and UN02 yields,
respectively. In column 5 we report the arithmetic average of
the two yZ , which we adopt, given the similarity of the two
sets of yields, to calculate the ratio µ =Mgas/Mtot (through
eq. (6)). We define the quantity µ∗ = 1 − µ as the fraction
of matter which has been locked up into stars: in particular,
in this case it represents only the mass locked up in massive
black holes. The fraction of mass ejected from stars into the
IGM be µej .
Then the total mass fraction which has been processed into
stars is defined as:
µ∗∗ = µej + µ∗ (7)
Therefore, we can write:
µ∗
µ∗∗
= 1−R (8)
If we now substitute into this equation the expression of µ∗∗
from eq. (7), we obtain:
µej = µ∗(
R
1−R
) (9)
Since all the µ quantities are normalized to Mtot, we
define the total mass. As the total mass, Mtot, we consider
the baryon density ρb by taking into account a unitary vol-
ume of the universe of 1Mpc3. By adopting a baryon den-
sity in units of the critical density Ωb = 0.02h
−2, as sug-
gested by D measurements is QSO absorbers (O’Meara et
al. 2001) and by WMAP (Spergel et al. 2003), we obtain
ρb = 5.55 × 10
9M⊙Mpc
−3.
We further assume that, at the time when it is reached,
the critical metallicity Zcr represents the average metallicity
of the IGM.
The density of matter exploded as SNγγ , expressed as a
function of the critical metallicity Zcr is hence given by first
substituting µ in eq. (6) with 1 − µ∗ and then µ∗ with the
right side of eq. (9), giving µej which represents the fraction
of mass which exploded as SNγγ .
Finally, by substituting Mtot with ρb and MSNγγ with
ργγ we obtain:
ργγ = [1− exp(−Zcr/yZ)] ·
R
1−R
· ρb (10)
If we consider that a SNγγ has a typical mass of 200M⊙,
it is easy to retrieve the number Nγγ of SNγγ necessary to
enrich a volume of 1 Mpc3 to the critical metallicity Zcr:
Nγγ = ργγ/200M⊙ (11)
In figure 1 we present a plot of Nγγ as a function of the
critical metallicity Zcr.
In table 2 we show the comoving density of matter which
exploded as SNγγ and the number of SNγγ required to en-
rich the IGM at the critical metallicity Zcr = 10
−4Z⊙.
3.2 Ionizing photons per baryon
At this point, we can compute the number of ionizing pho-
tons per baryon produced by both the SNγγ necessary to
enrich the IGM and the progenitors of those very massive
pop III stars which do not enrich the IGM since they collapse
directly into black holes.
We rely on the results of Schaerer (2002) who has cal-
culated the number of ioizing photons as a function of the
initial mass Nion,∗(m) of the pop III objects, in the range
80 − 1000M⊙. In our case, we consider only objects in the
mass range 100− 1000M⊙.
We compute the average number of ionizing photons
produced by a typical pop III star, according to:
< Nion >=
∫ 1000
100
Nion,∗(m)φ(m)dm∫ 1000
100
φ(m)dm
(12)
and show our results, for the 3 different IMFs used here, in
column 2 of table 3.
The total number of ionizing photons perMpc−3 is then
given by:
Nion =< Nion > ·NpopIII (13)
where NpopIII is the total number of pop III objects formed
per Mpc3, including both SNγγ and black holes. To calcu-
late this number, we normalize the IMF in number between
100 and 270 M⊙ by means of the already known number of
SNγγ exploded per Mpc
3, which enriched the universe to
the critical metallicity Zcr = 10
−4Z⊙. As a consequence, by
integrating the IMF in number with this normalization in
the range 100-1000 M⊙, we obtain the total number of pop
III objects born per Mpc3, i.e. 284, 282, 303 for x = 1.35,
x = 0.95, x = 0.5, respectively.
In table 3, column 3, we show the total number of ioniz-
ing photons (per Mpc3) for the three different IMFs consid-
ered here. At this point, to calculate the number of ionizing
photons per baryon, we need the value for the baryon density
discussed before. In particular, we divide ρb by the proton
mass in solar masses (mp = 8.4 · 10
−58M⊙) and obtain the
total number of baryons per Mpc3:
nb = 6.6 · 10
66 (14)
The predicted numbers of ionizing photons per baryon are
given in column 4 of table 3. As one can see, at best we pre-
dict 1.6 photons per baryon, below the estimated number
of 5-20 (Sokasian et al., 2003) necessary to reionize the uni-
verse. This means that pop III objects play a non-negligible
role in the IGM reionization, although the contribution of
other photon sources, such as star forming galaxies and
QSOs, seems to be required.
3.3 Predicted abundances of the intergalactic
medium at high redshift
Songaila (2001) observed the abundances of C and Si at red-
shift z = 5 and found 2× 10−4C⊙ for C and 3.5× 10
−4Si⊙
for Si (where the solar abundances are by number and taken
c© 2004 RAS, MNRAS 000, 1–8
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Table 1. The yields of metals per stellar generation obtained for the three different IMFs and the stellar mass range 100− 1000M⊙. In
colum 1 we show the IMF index x, in column 2 the returned fraction, in columns 3 and 4 the total yields per stellar generation calculated
adopting HW02 and UN02 yields, respectively, and in column 5 the arithmetic average between the two.
IMF R yZ (HW02) yZ (UN02) < yZ >
x=1.35 0.228 0.13 0.16 0.145
x=0.95 0.131 0.07 0.08 0.080
x=0.50 0.050 0.02 0.03 0.030
Figure 1. Predicted number Nγγ of SNγγ necessary to enrich the IGM at the critical metallicity Zcr as a function of Zcr/Z⊙. Solid
line: results obtained with an IMF index x = 1.35; dotted line: results obtained with an IMF index x = 0.95; dashed line: results obtained
with an IMF index x = 0.5.
Table 2. Comoving density of matter, ργγ (in M⊙Mpc−3), exploded as SNγγ and the number Nγγ (in Mpc−3) of SNγγ required to
enrich the IGM at the critical metallicity of Z = 10−4Z⊙, for the three different IMFs.
IMF ργγ Nγγ
x=1.35 22922 115
x=0.95 22589 113
x=0.50 21923 110
Table 3. Average number of ionizing photons per star, total number of ionizing photons emitted by a generation of pop III stars per
Mpc3 and number of ionizing photons per baryon, for the three different IMFs.
IMF < Nion > Nion(Mpc
−3) Nion/nb
x=1.35 2.28 · 1064 6.50 · 1066 0.98
x=0.95 2.80 · 1064 1.07 · 1067 1.62
x=0.5 3.55 · 1064 1.07 · 1067 1.62
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from Anders & Grevesse, 1989) †. Although these abun-
dances might be uncertain (at least by a factor of two) due
to uncertain ionization corrections, they are the only data
available at redshift z ≥ 5 at the moment. The observed
(C/Si)IGM ratio is hence ∼ 0.57 ·(C/Si)⊙ . We compute the
yields per stellar generation of 12C and 28Si, as produced
by SNγγ , and assumed, as valid in IRA, that the abundance
ratios are equal to the yield ratios. In particular, the abun-
dance ratio between two elements Xi and Xj is given by:
Xi
Xj
=
yi
yj
(15)
where yi and yj are the yields per stellar generation, as de-
fined in equation 4, referring to the amount of matter newly
produced and restored in the form of the elements i and
j, respectively. Therefore, we compare the predicted abun-
dance ratios relative to the solar values with the observed
(C/Si)IGM = 0.57 · (C/Si)⊙. The values we have obtained
are between 0.013 ·(C/Si)⊙ and 0.011 ·(C/Si)⊙ , taking into
account all the different yields and the different IMF indexes.
If we steepen the IMF and adopt an index much larger than
the Salpeter one we can obtain only a slightly larger value
for the carbon to silicon ratio. We also tried to decrease the
upper mass limit of pop III stars assuming Mup = 200M⊙
and found that the predicted (C/Si)IGM , relative to the
solar ratio, varies only slightly (from 0.013 to 0.018 in the
Salpeter case). In fact, the number of SNγγ varies only by
10-15%. Hence, the only possible explanation of the abun-
dance ratios observed by Songaila (2001) is that at redshift
5 there was already a substantial contribution to the carbon
abundances by intermediate mass stars of pop II. Carbon, in
fact, is thought to originate mainly in low and intermediate
mass stars, as shown by Chiappini et al. (2003) in connection
with the chemical evolution of the Milky Way. In this case,
in fact, the IRA is no more valid and detailed calculations of
chemical evolution, taking into account stellar lifetimes, are
necessary. Another possibility is that Si is strongly depleted
into dust grains and hence the real Si abundance is larger
than quoted. However, to reproduce the observed C/Si ratio
in the IGM, we need to assume that the real Si abundance
should be much larger than the observed one, which would
imply an unlikely high dust content in the very metal poor
early universe.
We should then conclude that at redshift z = 5 the
pop II stars have already “erased” the signatures of pop III
objects.
3.4 Abundance ratios by pop III stars and DLAs
DLAs are high redshift (many of them are at z > 3) systems
with observed metallicities larger than [Fe/H ] ∼ −2.5. We
compare the abundance ratios measured in low-metallicity
DLAs with the ones predicted for pop III stars in order to
infer whether DLAs carry the imprint of the chemical en-
richment by the first generation of stars, as argued by some
authors (e.g. HW02). In particular, we check if the DLA
abundances can be explained by a pregalactic generation of
pop III stars.
† The assumed solar abundances are : 3.3 · 10−4 for carbon and
3.3 · 10−5 for silicon
Here we consider only the DLAs with the lowest metal-
licities, i.e. the ones with [Fe/H ], [Si/H ] < −2.0. In gen-
eral, DLAs, show solar proportions in their relative abun-
dances already at these low metallicities. This is suggested
by the study of individual DLAs at various metallicities (e.g.
Dessauges-Zavadsky et al. 2004, Calura et al. 2003). There-
fore, the implication is that it is unlikely that they could
have retained the signature of pop III stars, with perhaps
the exception of the elements produced in very massive stars.
In fact, the interpretation is that DLAs are objects where
the star formation proceeds slowly, thus showing the pol-
lution from type Ia SNe already at low metallicities (see
Calura et al. 2003). Since dust depletion is a function of the
metallicity (Vladilo 2002), in these metal-poor systems dust
is likely to play a negligible role in determining the abun-
dance patterns, and therefore we do not consider this effect
here. Finally, since DLAs do not show metallicities lower
than [Fe/H ] ∼ −2.5, i.e. much higher than the most plau-
sible value for the critical metallicity for the transition from
very massive (m > 100M⊙) to normal (m < 100M⊙) stars,
we calculate the abundance ratios considering pop III stars
with masses also in the range 12M⊙ ≤ m ≤ 270M⊙, (i.e. we
include also the contribution by zero metallicity stars with
mass m < 100M⊙.) In table 4 we report the abundance ra-
tios generated by pop III stars for various choices of the IMF
and in the mass range 12-270M⊙.
In Figure 2, we plot the abundance ratios measured in
DLAs by various authors and the ones calculated for pop III
stars in the case of a Salpeter IMF. All of the DLAs have
low metallicity and redshifts between z=2 and z=3.
In each panel, the continuous lines represent the predic-
tions obtained with the yields of HW02, whereas the dashed
lines indicate the predictions obtained with the yields of
UN02. As one can see, in general the [O/Fe] ratio predicted
by pop III yields is higher than the observed ones, although
the data are all lower limits. The predictions for [C/Fe] and
[Zn/Fe] with HW02 yields seem closer to the observed values
than the UN02 yields. In the case of nitrogen, the pop III
stars, irrespective of the different yields, seem to produce
far less N than is observed. There is no way to reconcile
the predicted values with observations even taking into ac-
count dust depletion. With a flatter IMF, as shown in table
4, the disagreement would be even stronger. Therefore, as
in the IGM at redshift 5, also in metal poor DLAs the ob-
served patterns seem to have lost any trace of the early sig-
nature by pop III stars and to contain the products of pop II
stars of intermediate mass. Low and intermediate mass stars
(0.8 ≤ m/m⊙ ≤ 8.0), in fact, are believed to be the main
N producers. In particular, at low metallicities N should be
mostly produced as a primary element (e.g. by means of
stellar rotation, as suggested by Meynet & Maeder, 2002,
or by dredge-up and hot bottom burning in AGB stars, as
suggested by Renzini & Voli, 1981). Finally, in table 5 we
show the same abundance ratios as in table 4 but produced
by a stellar generation made of only very massive stars. As
one can see, the agreement with DLA abundances is even
worse.
We note that UN02 have already concluded that the
abundance ratios produced by pop III stars do not agree
with the abundance ratios measured in the halo stars of our
Galaxy.
Finally, we checked the effect of having zero-metal stars
c© 2004 RAS, MNRAS 000, 1–8
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Table 4. Abundance ratios generated by pop III with masses 12− 270M⊙ for the three different IMFs.
IMF [C/Fe] [O/Fe] [N/Si] [Zn/Fe]
HW02 UN02 HW02 UN02 HW02 UN02 HW02 UN02
x=1.35 -0.131 -0.030 0.175 0.248 -3.660 -1.829 0.15 -0.40
x=0.95 -0.323 -0.161 0.064 0.216 -3.978 -2.241 -0.30 -0.70
x=0.5 -0.469 -0.295 -0.025 0.171 -4.341 -2.710 -0.77 -1.07
Table 5. Abundance ratios generated by pop III with masses 100− 1000M⊙ for the three different IMFs.
IMF [C/Fe] [O/Fe] [N/Si] [Zn/Fe]
HW02 UN02 HW02 UN02 HW02 UN02 HW02 UN02
x=1.35 -0.44 -0.35 0.04 0.19 -5.700 -3.5 -1.87 -1.91
x=0.95 -0.49 -0.38 0.00 0.17 -5.800 -3.5 -1.86 -1.93
x=0.5 -0.54 -0.42 0.04 0.16 -5.800 -3.6 -1.84 -1.92
with masses only in the range 13-35M⊙ (yields from Chi-
effi & Limongi, 2004 and UN02), without SNγγ , and with a
Salpeter IMF. In this case we find that the predicted [C/Fe]
and [N/Si] ratios are closer to those of the DLAs. How-
ever, to obtain this result we have to assume that the upper
mass limit for the pregalactic stars was even lower than the
present time one, which is a rather odd hypothesis.
4 DISCUSSION AND CONCLUSIONS
In this paper we have examined, by means of simple ana-
lytical calculations, the effects of a hypothetical stellar gen-
eration of very massive stars with no metals (population
III stars), formed at very high redshift, on the chemical en-
richment of the IGM at high redshift and on the chemical
abundances of DLAs.
To do that, we have considered stars with masses up to
104M⊙ and taken into account the nucleosynthesis prescrip-
tions for very massive pop III stars (m > 100M⊙) from the
most recent calculations. We have explored different IMF
prescriptions and in one case considered also stars in the
range 12− 100M⊙ of primordial chemical composition.
Our main conclusions are:
• It is impossible to reproduce the observed C/Si ratio
in the IGM at redshift z = 5 only with the contribution of
very massive stars (m > 100M⊙). In particular, intermedi-
ate mass stars (5-8M⊙) of population II seem to be required
to reproduce the carbon abundance. This is plausible given
the short phase for the existence of pop III stars, which
should form only up to a critical metallicity Zcr not higher
than 10−4Z⊙, a value reached rapidly in the IGM.
• On the other hand, very few SNγγ are required to en-
rich the IGM at high redshift. This number depends only
slightly on the assumed IMF. In particular, to enrich a cu-
bic megaparsec of the IGM at the level of the critical metal-
licity Zcr = 10
−4Z⊙ the number of such SNe varies from
110 to 115 when the index of the IMF varies between 1.35
and 0.5. In the most favourable case, with an IMF exponent
x = 0.95− 0.5 we predict a number of ionizing photons per
baryon of ∼ 1.6, which is not enough to reionize the uni-
verse, although not negligible. It is worth noting that the
number SNγγ depends very weakly on the IMF exponent:
this is due to the fact that we always normalize the IMF
to unity (equation 2) and the variation of the exponent x is
compensated by the variation of the normalization constant.
• We have compared the predicted abundance ratios,
[O/Fe], [C/Fe], [Zn/Fe] and [N/Si], produced by the nucle-
osynthesis in pop III stars with the same abundance ratios
in low metallicity DLAs ([Fe/H]< −2.0) and concluded that
the contribution of pop III stars alone cannot reproduce all
of these ratios. In particular, it fails to reproduce the N abun-
dance. This result suggests that the bulk of nitrogen in these
objects should arise from different stars, in particular from
pop II intermediate and low mass stars (0.8 ≤M/M⊙ ≤ 8).
• We note that in a recent paper Matteucci & Pipino
(2004) explored the effects of pop III stars on the chemical
evolution of spheroids. They concluded that, if pop III stars
formed only during a very short period of time (of the order
of few million years), their effect on the stellar and gaseous
abundances are negligible and one cannot assess their past
existence or disprove it. In the present paper we arrive at
a similar conclusion for the IGM at redshift z=5 and also
for DLAs. In fact, in these latter cases we can only conclude
that pop III stars are not enough to explain the observed-
abundances but we cannot exclude that SNγγ ever existed.
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Figure 2. Abundance ratios measured in low metallicity DLAs and predicted by adopting pop III stars with masses in the range
12M⊙ < m < 270M⊙ for the x = 1.35 IMF. Points represent observations in DLAs, the dashed lines represent predictions obtained
with UN02 yields for pop III stars, whereas the continuous lines represent the predictions obtained with HW02 yields. Crossed circles:
Prochaska & Wolfe (2002); five-points stars: Prochaska et al. (2001); hexagons: Centurio´n et al. (1998); solid squares: Pettini et al.
(2002). All the DLAs have redshifts between z = 2 and z = 3.
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